Background: The presence of a fragility fracture is a major risk factor for osteoporosis, and should be an indicator for osteoporosis diagnosis and therapy. However, the extent to which patients who fracture are assessed and treated for osteoporosis is not clear.
Background
Osteoporosis has been described as a silent disease until an individual experiences a fragility fracture, typically occurring at the wrist, vertebra or the hip. The National Institutes of Health consensus conference has modified the original definition of osteoporosis to include "a skeletal disorder characterized by compromised bone strength, predisposing a person to an increased risk of fracture.
Bone strength reflects the integration of two main features bone density and bone quality" [1] .
A fragility fracture is a major risk factor for osteoporosis, and has been identified as the only clinically relevant marker of bone quality. These fractures typically occur when an individual falls from a standing height or less. However vertebral and rib fractures often occur without a traumatic event such as during coughing [2] . A history of fragility fracture after the age of 40 years increases the risk of a subsequent fracture by 2-to 9-fold [3, 4] . Therapeutic options, such as raloxifene, alendronate, risedronate, can reduce the number of new vertebral compression fractures by 40-60% within the first year in individuals with a fracture [5] . It is important to identify whether patients who experience fragility fracture are being assessed and treated for osteoporosis in order to reduce the risk of future fracture.
Inadequate osteoporosis evaluation and treatment following fragility fracture has been documented in countries other than Canada [6] [7] [8] [9] [10] [11] [12] [13] . A large retrospective cohort study in the United States found that only 2.8% of women who had experienced a distal radius fracture underwent densitometry and 22.9% of the women were prescribed osteoporosis treatment [7] . Between 1997 and 2000 in an American retrospective cohort study, only 13% of those who had experienced hip fractures received supplemental calcium, and 6% actually received an antiresorptive medication [8] .
If an osteoporosis care gap exists, it is essential that primary care physicians and specialists be made aware of it in order to improve the standard of care. The purpose of this review is to identify the practice patterns in the diagnosis and treatment of osteoporosis in adults over the age of 40 who experience a fragility fracture in Canada.
Methods
In order to identify articles that evaluated osteoporosis diagnosis and treatment after fragility fracture in Canada, a literature search was performed in MEDLINE (1966 to January 2, 2003) and CINAHL (1982 to February 1, 2003) databases, using the key words osteoporosis [Diagnosis, Prevention and Control, Diet Therapy, Drug Therapy, Surgery, Therapy]; hip fractures; femoral fractures; radius fractures; spinal fractures; and Canada. Additional articles were identified by consultation with experts and hand searching of the references of retrieved articles.
Selection criteria for retrieved articles included an evaluation of the diagnosis and/or initiation of treatment for osteoporosis in individuals over the age of 40 years after experiencing a fragility fracture. A physician's clinical diagnosis and/or dual-energy x-ray absorptiometry (DXA) were recorded as osteoporosis diagnosis outcomes. Treatment outcomes included calcium, vitamin D, hormone replacement therapy (HRT), bisphosphonates (etidronate, alendronate, risedronate), calcitonin, and selective estrogen receptor modulators (raloxifene). Studies were excluded if fractures were a result of malignancy or trauma. The proportion of patients receiving an osteoporosis diagnosis and/or each form of treatment was recorded.
Using the above search strategy, ten articles were identified, one of which met the a priori selection criteria. Two articles were identified via consultation with experts, and another was included after hand searching the reference lists. In order to provide a description of the quality of the studies, a list of questions were derived based on some of the quality criteria for assessment of observational studies outlined previously [14] .
Results
The characteristics of the included studies are listed in Table 1 . Four studies met the inclusion criteria, and the patient characteristics are listed in Table 2 . These studies included patients, aged 50-97 years, discharged from acute care [15] [16] [17] and fracture clinics [18] in major urban centres with access to bone densitometry and osteoporosis specialists. In all studies, patients were selected by the reviewing of medical records to identify individuals who fractured. The sample sizes for each study were not determined a priori, but based on the number of individuals identified in the medical records that agreed to participate. In the fracture clinic study, the most common type of fracture was wrist fracture (77.3%), and of these, 72.4% were deemed to be fragility fractures. Vertebral fractures comprised 0.5% of the number of fractures seen at a fracture clinic [18] . Two studies of hip fractures in acute care settings revealed that only 1.7% to 14.5% of those with fracture received a diagnosis of osteoporosis [17] . Up to 40% of patients had experienced a prior fragility fracture when they were initially identified (index fracture). Subsequent fractures within 1-3 years occurred in up to 14% of patients. The criteria used to make a diagnosis of osteoporosis varied across studies, from the use of densitometry to the presence of a fragility fracture ( Table 3 ). The proportion of individuals who had a clinical diagnosis of osteoporosis or a bone mineral density test ranged from 1.7% to 50%, depending on the type of fracture.
Calcium supplements were cited as osteoporosis treatment in 7.6% to 32% of patients after fracture. Only 2.8% to 13% of patients were taking vitamin D [15, 18] . In some cases authors did not differentiate between calcium, vitamin D, or multivitamin use [16, 17] . HRT or bisphosphonates were prescribed less frequently. One study indicated that 1.4% of women were taking HRT [19] . Individuals on bisphosphonates ranged from 5.2% to 16% [15, 18] . A study of wrist fractures that did not differentiate between osteoporosis-specific therapies reported that 37.5% were taking some form of treatment [16] .
Discussion
These studies provide evidence that many Canadians who experience fragility fracture are not being diagnosed or treated for the prevention of future fractures. The prevalence of bone mass measurements or physician follow-up among individuals experiencing a fragility fracture was less than 50%, in most cases, much less. Fifty to 98.3% of individuals who experience a fragility fracture received no treatment for osteoporosis. Vitamin D supplement prescription was low despite research indicating that as many as 34% of Canadians are deficient (<40 nmol/L) [20] . Unfortunately, many individuals who fracture were not assessed or treated for osteoporosis. At the time the studies were conducted, bisphosphonates and HRT were recommended therapies for the treatment of osteoporosis however, only a small proportion of patients with fragility fracture were prescribed these medications. The following therapies were available for prescription in 1995: etidronate as of July 1995, alendronate as of December of 1995, and calcitonin was also available during the time the studies were reviewed. Raloxifene became available in Canada in January of 1999. Access to technology may present a barrier to osteoporosis diagnosis. The most commonly cited limitations to the use of densitometry in a survey of Ontario family physicians included the distance to the nearest densitometry facility and the cost of the test. However, the survey did note that physicians were following the guidelines for densitometry use where it was available [21] . In contrast, a study performed in Alberta demonstrated low use of densitometry for the prevention and treatment of osteoporosis in postmenopausal women, citing physician attitudes as important factors in decisions about screening and treatment [22] . A larger number of densitometry facilities exist in Ontario as compared to other provinces [21] . A lack of access to bone mineral density testing may play a greater role in an osteoporosis care gap in the remainder of Canada.
Although the diagnosis of osteoporosis after fragility fracture is important, it can only be effective in preventing future fracture if it leads to subsequent treatment of patients at risk. The proportion of postmenopausal women at an Ottawa hospital receiving osteoporosis therapy increased from 15.2% to 63.3% after a diagnosis of osteoporosis with densitometry [23] . Hip fracture patients in Alberta who were diagnosed with osteoporosis post-hip fracture were more likely to receive treatment (48% vs. 5.5%) [15] . In three British Columbia long-term care facilities, the mean calcium and vitamin D intake of those who had been diagnosed with osteoporosis met the 'adequate intake' level (1200 mg calcium, 600 IU vitamin D), compared to those without an osteoporosis diagnosis. In addition, those residents who had an osteoporosis diagnosis were more likely to have been prescribed bisphosphonates or HRT than those who had fractured but had not been diagnosed with osteoporosis [24] . These studies highlight the importance of a diagnosis of osteoporosis for future fracture prevention in those individuals who have experienced a fragility fracture.
A key message is that a prior fragility fracture is a major risk factor for subsequent fracture. The prevalence of a prior fracture in the articles we reviewed ranged from 18.4 to 40% of patients [15, 16, 18] . In the United States, 45% of women admitted with fragility fracture had experienced at least one prior fracture, one fourth of which were hip fractures [12] . Another study documented that 33% of women admitted with distal forearm fracture had had a prior fracture [25] . The high risk of future fracture among the patients in the studies we reviewed was illustrated by the findings of a subsequent fracture in up to 14% of individuals. One study of women with hip fracture in the United States reported an incidence of 22% for any type of future fragility fracture [26] . These phenomena also occur in men. In one study, 30% of male veterans admitted with hip fracture had experienced a prior history of a fragility fracture, and 10% went on to experience a subsequent fracture [11] . It is essential that fragility fractures are identified as a risk factor for future fractures, and appropriate treatment measures are taken to reduce this risk [3, 4] .
These conclusions are limited by the lack of prospective epidemiologic data. Chart reviews may miss data that were not recorded and patient interviews rely on patient recall, which can be inaccurate. In addition, the studies may only be representative of tertiary care centres. The studies attempted to include representative samples of patients experiencing fragility fracture. The communitybased hospital study included the smallest proportion (56.1%), where most patients who were not included could not be reached, and a small number declined to participate. Another concern is that women may have been prescribed HRT for reasons other than osteoporosis, again pointing to the potential for over estimation of those diagnosed with osteoporosis and treated after fragility fracture. The study was limited to Canadian studies in order to avoid bias related to differences in the provision of health care services and/or available technologies. A survey of physicians in the United States, Canada and West Germany revealed that 73 percent of physicians in the U.S. reported that patients' inability to afford treatment was a serious problem, compared with only 25 percent in Canada and 15 percent in West Germany [27] . Future research should evaluate the whether an osteoporosis care gap is an international phenomenon. Finally, the studies reviewed are several years old, and it is possible that practice patterns may be improving.
Conclusion
The main message of this review is that despite the availability of a number of therapeutic options, many patients with fragility fracture do not undergo osteoporosis management, and are at high risk for subsequent fractures. The existing care gap between the occurrence of a fragility fracture and the diagnosis and treatment of osteoporosis requires multi-faceted intervention, such as a model for disease management, in order to reduce the incidence of fracture. Future research and education approaches should include strategies to address the barriers identified by family physicians and specialists in the diagnosis and treatment of osteoporosis, which include a lack of rationale for bone mineral density testing and confusion about management [28] . Improved communication between orthopaedic surgeons, specialists and family physicians with respect to patient follow-up may reduce the gap between fracture occurrence and osteoporosis management. In addition, strategies to involve the patient may be useful. Educational tools may aid patients in seeking osteoporosis screening from their physicians [29] . A paradigm shift is warranted, such that individuals over 40 years of age who present with fragility fracture should trigger a process of osteoporosis diagnosis and treatment in order to reduce the risk of another fracture in the future. 
